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UIM&TUIWIWEL IWVESTIGA!lIOH OF Al? MAO* 23012 AIRJ’OIL WITH

A 0-30-AIBYOIL-CHORDD OUBLE SiOTT3D FLAP .

By Paul ~, PurOers Jack Yischel, and John Ma Rtehe

SUMILA.RY

Tests to determine the effect of flap position and
deflection on the aerodynamic characteristics of an NACA
23012 airfoil with a double slotted flap having a chord
30 percent of the airfoil chord (0.300) were conducted
in the LMAL 7- by 10-foot tannelm In add~tion, a few
tests were made to determine the aerodynamic eectlon
characterl~tice as affersted by the elze and shape of the
fore flap, by movement of the fore flap and rear flap ae
a unit, and by variation in the airfoil lower lip, cork
tours of rear-flap-nose posltlon for various values of
m~ximum eectlon l~ft coefficient, Bection profil+drag
coefficient, and section pitchin~oment coefficient are
presented at three selected fore-flap positions for varl-
ous rear-flap deflections. The complete aerodynamic seo-
tlon characteristics are given a% the three selected fore-
flap positions for the optimum-lift and optimum-drag p-
sitlons of the rear flap at several deflections. Polars
of the seotlon profile-drag coefficient at the flap po-
sitions and deflations for optimum lift and optimum
drag are shown. A discussion Is given of the relative
merits of the present arrangement as compared with a
0,25660 and a 0.400 slotted flap, a @.30c Fowler flap,
and a 0.40c double slotted flap on the same airfoil,

. .

The. optimum deflection of the rear fla~ with~n the
range investigated at eaoh position of the ~e117c fore

‘flap tiaa 600 in almoet all cases and the maximum lift of .
the airfoil was obtained with the. fore flap deflected
25° In the rearmost of the three selected positione.
The use of the 0.14670 fore flap providad ; slightl~
higher ~aximum ueotlon lift ooefflcleat than was obtained
with the emaller fore flap, !llhe0~300 double clotted
flap (OG117C fore flap] gave a max~um section llft qoef-
“?icient” (3,30) that was higher than that of the 0,26660
or O,ko single $lotted flaps, approximate.ly equal to
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that of the 0.30c Fowler flap, ~ut. about 0.16 less than
that of the 0.40c double slotted flap. The profile-drag
coefficients of the 0e30e double slotted flap were higher
than thoke of the 0.300 Fovler “and the 0040c double .
slotted flaps over the entire llft range and higher than
those of the two single slotted flaps In the range of ...
section lift coefficients below 2.7. The negative taeo-
tion pitohin~moment coefficients at maximum section
lift coeffioieut produced by the 0.30c double slotted
flaps were equal to those of the 0.30c Fowler flap and
were greater than those produced by other slotted flaps
on the same alrfoll.

IMTRODUCTIOM

An extensi~e investigation of various hlg~llft
devices has been undertaken by the lUCA to furnish i-
formqtion applicable to the aerodynamic design of wih~
flap combinations for improved safety and performance of
airplanes= A high-lift device capable of producing high
lift with variable drag for landing and high lift with
low drag for take-off and Initial climb Is believed to
be desirable. Other desirable characteristics are: no
increase In drag with the flap neutral, small change in
pitohlng moment with flap deflection, low forces required
to operate the flap, and freedom from possible hazard due
to icing.

A“erod7namic data on the lYACA 23012 airfoil have been
made available for single slotted flaps in references 1
and 2, for a Fowler flap having a chord 30 percent of the
airfoil chord (OP30C) in reference 3, and for a 0.40c
double slotted flap In reference 4.

The data presented in reference 4 indicated that the
double slotted flap gave higher lift than the single
slotted flap and had lower drag at high section lift coef-
ficients, The double slotted flap also had higher lift
than the Fowler fl~p.

Although an investigation essentially the same as
that reported herein had been planned at LMAL several
years ago, no tests were made at that time because of
other pro~ects of greater interest. Renewed Interest
of designers and manufacturers in dev”tces capable of
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.producl-ng.very. high ..l$ft on combat airplanes, however,
led to the present invest lga$ion,. In-which-tests were . .
made of a 0*30c double olo.tted flap on the 19ACA 23012
airfoil (fig@ 1)6 It was believed that this device.
would oombine the advantageous aerodynamic charactem-
Istios of the 0,400 double.,elotted flap (reference 4)
with the structural advantages of the small single “
slotted flap (reference 1)0 The small size of the
fore flap would also allow the u~e of simpler doors for
sealing the break in the alrfoll lower surfaoe w$th the
flapo retraated,

APPARATUS AMD TBSTS

Models

The basic airfoil used in these terte had a chord
of 3 feet and a span of 7 feet, TEe model was constructed
of laminated pine and was built to the RAOA 23012 profile;
the ordinates for the section are presented in table 1.
This airfoil had previously been used for the inveetig~
tions reported In references 1, 2, and 4, The traiXln~
edge section of the model ahead of the flap was equipped
vlth lips of steel plate rolled to tho airfoil contour
md extending back to the flap in ordar to provide the
basic airfoil contour when the flap was retracted (fig. 1).

The double slotted flap consisted of a fore flap and
a rear flap, TWO fore flaps (A and B) were used in thi8 .
Investigation, The larger one designated fore flap B was
used in only a few tests to ~etermine the effect of i%
creased. thickness and chord. The two fore flaps were of
different profile, as shown In figure 2, and yere built
to the ordinates given in Sable 1, ~ore flap A was con-
structed of laminated wood and had a.trailln~edge of
l/16-inoh steel plate. Yore flap B had an upper surface
and trallin~ed~e of dural and a lower surface of laminated
wood.

b.
The rear flap (0,25660) testbd was the one used in

the investigations reported in references 1 and 40 The
rear-flap profile is shown ,In figure 1 and the ordinates
are given In table Is

Both the fore flap and the rear flap were attaahed
to the main portion of the airfoil by opecial flttlngs
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that permitted them to be moved and defleoted independ-
ently. Both the fore flap and the rear flap also
pivoted about their respective no6e pointe at any
position; increments of 5° deflection were allowed far
the fore flap and increments of 100 deflection for the
rear flap. The nose point of either flap is defined
as the point of tangency of the leadin~edge arc and
a line drawn perpendicular to the flap chord. The
deflection of either flap was measured between Its
respective chord and the chord of the main airfoilc

.

The models were made to a tolerance of ●OS015 incha

Tests

The model was so mounted In the closed test section
of the LhAL 7- b7 lo-foot tunnel as to completely span
the jet except for small clearances at each end. (See
references 1 and 5,) The main airfoil was rigidly
attached to the balance frame by torque tubes that
extended through the upper end lower boundaries of the
tunnel. The angle of attack of the model was set by
rotating the torque tubes with a calibrated drive from
outside the tunnelm This type of installation closely
approximates two-dimensional flow and the section char-
acteristics of the model being tested can therefore be
determined,

A dynamic pressure of 16.37 pounds per square foot
was maintained for all the tests. This dynamic pres--- ,
sure corresponds to a velocity of about 80 miles per
hour under standard atmospheric conditions and to an
average test Reynolds number of approximately 2 190,000,
Because of the turbulence in the wind tunnel, t~e effec-
tive Reynolds number Re (reference 6) was approximately

3~500aooo. Tor all tests, Be Is based on the chord of
the airfoil with the flaps retracted and on a turbulence
factor of 1+6 for the wind tunnel,

Ho tests were ❑ade of the plain airfoil nor of the
model with the doutie slotted flap completely retracted
because the characteristics of the plain airfoil had
previously been investigated and reported in reference 1-

Because of the large number of tests Iavolved in
determining the optimum posltlons of the double slotted
flap, a preliminary survey waO made to determine the
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optimum final posit io’n-’an’d’d-efleotlon -of fore flap A~ -
Three positions of the fore flap were selected., P-
sltlons 1 and 2 were chosen arbitrarily and the deflec-
tion for position 2 wss the optimum as determined from
a survey with the rear flap defleoted 40°, 50°, and 60°.
Position..3 WBS the optimum final position and deflection
of fore flap A as determined with the rear flap defleoted
50° and 60°. Teats were thereafter made at each of these
three positions and defleatlons of the fore flap, as pre-
viously determined, to obtain the maximum lift and the
optimum position of the rear flap at several deflection,
Tests were made with fore flap B at various deflections
and positions in the region of the optimum position of
fore flap A, and with the rear flap deflected 600 and
700 in the region of Itu optimum position ae determined
from teats with fore flap A. In addition, -in order to
determine the effect on the aerodynamic characteristics
tests were made with the lower lip of the airfoil trall~ng-
edge section In Its normal position on the contour, de>: ‘-
‘fleeted 13.50 within the airfoil contour in order to pro-
vide a Bmoother S1O% entry, and also completely removed.

An angle-of-attaok range from –6° to the angle of
attaclc for maximum lift was covered in 2° Increment for
each test. No data were obtained for angles of attack
above the stall because of the unsteady confiltion of the
model= Lift , drag, and pitching moment were measured at
each angle of attack.

RESULTS AND DISCUSSION

Coefficients and Symbols

All the test results are given In standard eection
nondimenelonal coefficient form corrected for tunne~wall
effect and turbulence as ezplained in reference 1.

section lift coefficient (I+JN)

Od section profile-drag coefficient (do/qo)
o

Cm(a. c.)o
eection pitchin~moment coefficient about

aerodynamic center of plain airfoil

[ 1

‘.

‘(a, c.)o
/qc?
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[ 1
‘%%%)0 -m

section pltahiag-moment coefficient
at maximum section lift coefficient

cl
m8%

Cd

‘rein

where

t

do

%.c.)o

c

T

P

and

Re

It

‘1

maximum 8ection lift coefficient

minimum section profile-drag coefficient

section lift

section prof~le drag

section pitahing moment about aerodynamic
center of platn airfoil

dynamic pressure
.( )

LpVa
z

chord of basic airfoil with flap fully retracted

velocity, feet per eecond

mas= density of air

effective Reynolds =Umber

distance from aerodynamic center of airfoil
to center of pressure of tail, expressed
in airfoil chords

angle of attack for infinite aepect ratio

fore-flap deflection, measured between
fore-flap chord and airfoil chord

rear–flap deflection, measured between rear-
flap chord and airfoil chord

distance from airfoil upper-surface llp to
fore-flap-nose point, measured parallel
to alrfoll chord and posltlve when fore- .
flap-nose point ie ahead of lip
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b. , “.

YI ‘-”‘ “dttitbnce from airfoil uppem-surface llp to
fore-flap-nose point, measured perpendi-
cular to airfoil chord and positive when
fore-flap-nose point 5s below lip.

‘a

Ya

dietance from fore-flap trailing edge’ to
rear-flap-nose point, measured parallel
to alrfoll chord and positive when rear-
fla~nose point is ahead of fore-flap 1.:-..
trailing edge

,.

distance from fore-flap trailing edge to
rear-flap-nose point, measured perpendi-
cular to airfoil chord and positive when
rear-flap nose Is below fore-flap trailing
edge

Precision

The accuracy of the various measurement is %elleved
to be within the following limlts:

ao, degreee . , ● . . , . . ● . . .. . . . . . ● .. . ‘+OOl.-

c~ +0. 03ma= ,m.9;* ● . 9 ● s ● ● ● 9 . . . ● . . . a , .

. . .

Cm(a. ca)o . . ... . . . . . . .. . . . . . . . .. *0.003

ad ● . . . ● . . ● .“. . ● . . . ● ● , . . +o,of)o~” “

Cmin .

+0. 0006
“%(01= 1.’)) ● .“ “ “ “ “ “ Q“ ● . ● .-

.m. . 8 9 ● ●

Bfl and 8fa, degrees . . . . . . . . . . . . ... +0.2

,,-

Elapposition. . , . . . . . . ,-, . . . . . j,XO~’OOlc”

Mo corrections were “determln~d (ar applieii) for the “
effect of the airfoil or flap. fittings bocatitse of the
large number of tee%a required,. It.is. believkd that .their “.
effect, howerer, 1s’ emall and that the relative values of
the resulte would not be appreciably affeoted.



Plain Airfoil

The complete aerodynamic section characteristics
of the plain I?ACA 23012 airfoil (from reference 1) are
prssented in figure 3. Inasmuch ae these data have
previously been discussed (reference 1), no further
&iscua6ion IB considered neceaeary.

Determination ~f Optimum Flap @nfiguratlons

~~lmum 3iftd- The data presented in figures 4 to 6
repre~=h~~~ults of the maximum-lift Investigation
with fore flap A at each of the three previously deter-
mined positions and with the rear f+~p deflected and
located at points over a considerable area with respect
to the fore flap. The results hr~ preeented as contours
of the position of the rear-fla~hose point at various
deflections fop given lift coefficients.

Oomplete maximum lift data for the rear-flap-nose
positions with the fore flap in the least extended of
the three positions (identified herein as position 1)
are given in figure 4, shcwlng the rear flap deflected
in 10° increments from 10° to 60°, The contours with
the fore flap in the intermediate and extended positions

.- (positlons 2 qnd 3) are given in figures 5 and 6, res-
pectively. Because it is unlikely that small rear-flap
deflections would ever be used with these extended fore-
flap positions~ data for the small rear-flap deflections
were not obtained. The figures show that all the con-
tours are closed, except that for ~fa = 10° at position

1, which Indioates that the contour would close at an
impractical rear-flap-nose position.

At each of the fore-flap positions, the rear-flafi
nose poslticn for maximum lift becomes more critical
with increased flap deflection, particularly when Sf

is 50° and 60°’1 With increased flap deflection, the ~o.-
sition of the rear-flap nose for maximum lift tends to
move forward and upward and the gap between the two flaps
Is thereby decreased. In the following table are given
the values of the maximum section lift coefficient ob-
tained at each fcre–flap position aud the approximate
position of thd rear-flap nose with respect to the fore-
flap trailing edge.



‘J

9

. ,. .. . ..
.

Poeltton of rear-flap hoe-sin‘ “ -

~o;e+lap Ahead of lip

-. -;

Below lip “b

position (perc:;:r;;rfoll (pere:::r:\rfoil Ctmax

—

1 2 3 2=74
2 2 2

I

3.15
3 2 2 3.30

In almoet all caeee, the highest value of maximum seotion
lift coefficient for the flap-deflection range investi-
gated was obtained at afa = 60°.

E’rom the contours of rear-flap-noOe position for

Clmaxt a designer should be able to determine the best

path to be followed by the rear flap at all deflections
within the range testOd, fro~ a consideration of Orily
maximum seotion lift coefficient. The range of flap
poeitlon8 covered. tia~ believed sufficient to allow far
any deviation or compromises from the ~Best llftn path.
Complete aerodynamic section characteristics for the
optimum rear-fla~nose poslt~on for both lift and drag
=t each fore—flap deflection and position will oe pre-
sented subsequently in this report.

Minimum Srofile d~a~.- Contours of rear-fle.p-nooe
position for values of minimum section profile-drag co-
efficient at specific seotion lift coefficients and flap .
deflections are presented In figures 7 to 9 for the three s
fore-flap positions. A comparison of the contour of fl~
ure 7(a} with the section profile-drag characteristics
of the plain airfoil (fig. 3) indicates that the plain
airfoil gives the lower drag.at seotion lift c.oeffiaients
of 1,5 or iese.

At position 1, the oontours of Cd are presented
only for valuee of 8f of 10°, 20°, a~d 30°, since it
Is believed that the l~rger flap deflections at this po-
sition would not he used because the co”rrespondlng cdo

‘ values are quite high. Inasmuch as all the contours at
eaoh of the three fore--flap positions wsre not closed
about the Indioated optimum rear-fla~nose positione, it
ie apparent that a sufficient range of rear-flap positions
was not covered and that the true optimum values may exiet
at some other positions. The contours also indicate that
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.. more than one region of relatively low drag exists for
Beveral rear—flap deflection. AB anticipated, the min-
imum section profil-drag hoefficlent increased with
deflection of the rear flap at any given lift coeffL-
clent. At the Oame lift coefficient and rear-flap de~
flection, values of profile-drag coefficient became loss
as the fore flap waa extended; for example, at cl = 1G5,

6f= = 300, an optimum value of cd. of 0s050 was ob-

tained at position 2 as compared to a value of 0,063 at
position 1, and at cl = 2.5, 8fa = 50°, fian optimum

value of cd. of 0.103 was obtained at position 3 as

compared to a value of 0.117 at position 2. The optimum
rear-fla~nose position moved forward and up, closer to
the fore-flap lip ag the fore flap was extended and alao
as the rear flap was deflected.

Mor all these contours (figs. 7 to 9), In each p-
sitlon of the fore flap at h~gh lift coefficients and
flap deflections, a given movement of the rear-flap+nose
point caused a greater change in the value of cdoe

Inasmuch as the rear-flap-nose positions for maxi-
mum lift and minimum drag generally do not coincide, a
compromise is necessary; therefore~ complete aerodynamic
sectiou aheracterletlcg are presented for both conditions.

Pltchin~ ~ou9n~.- The contours of rear-flap-nose
position-for. valuefa of Cm(a,c. o)

at specific flap

deflections and lift coefficients are presented in fig-
ures 10 to 12 for each of the three fore-flap positions-
Because the positive increment of lift usually obtained
with increased flap deflection.. has: its centroid farther
to the rear than doee an equal lift Increment obtained
by increased angle of attack, an Increase in the negative
pitching moment of the airfoil is anticipated when the
flap is def~ectedm The contours for

cm(a.c.)o tend,

therefore, to close near the region of the rear-fla~nose
position for maximum lift, and the positions of the rear-
flap nose for maximum lift and maximum pitching moment
ueually coincide.

The negative section pitchin~moment coefficients
usually Increased with lift coefficient and flap deflec-
tion and the change in

Cm(a. c.)o
for a given change in
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w. rea-flap.+mee. p,os~tlon .bec.a-melarger ae both these
variablea “Inareaaede At a g%;m lift coefffc’lknt; --the ~ -
negat~+e valueta of

‘m(a.c.)m
also Incrsased as the

fore flap was extended and d;flected. It appears de-
~irable therefore to use the minimum flap deflectlo”n or
extension necemeary to obtain a given lift coeftlclentm

With” these comtours of rear-flap position for “

Cm{a. a.)n
available (figs. 10 to .12), a demigner can

determin~ or anticipate the seotlon pftching-moment C-
efflciente to be encountered within the range of posl~
tlons and deflections Invamtigated,

Aerodynamic Section Characteristic~ of Selected

Optimum ConfiguratlonO

The complete aerodynamic eection characterietice of
the airfoil with the optimum-lift and cptimum-drag p-
sltions of the rear flap at each flap deflection and at
each of the three selected fore-flap positions are pr~
sented in figures 13 to 15. These figures indicate that
the lift-curve slcpes decreased with increased flap de-
flection. The angle of attack for ❑aximum lift usually
decreased with Increamed flap deflection at each poeition,
but in some Instances remained practltially onnstaht, It
will be noted that the aerodynamic section characteristics
for optimum lift for 8fa = 70° are preseuted only fcr

position 3 (fig, 15(a)), Teet.s were made at 8fa = Glo”
In both positicns 2 and 3, but Insufficient data were
obtained to present the characteristics for the optimum
rear-flap position for poeitlon 2 or the contours for
either fore flap poeition; however, at posltlon 3, from
data gathered at 8f = 700 and other deflections, It

is believed that theaoptimum-llft position of the rear
flap wae attained. The aerodynamic characteristics are
therefore given.

Yhe section pitchin~moment coefficients in genaral
Increaeed negatively with the rear-flap deflection and
ae the fore flap was extended. The slopes of the section
pltchln+moment curvee wero negative at low angles of
attack and low flap deflections and were usually positive
at high angles of attack and htgh flap deflections. At

—.—
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high section llft coefficients, ‘lower negati~e values
of

‘m(a, c,)o
wereethkrefore sometimes obtained with

a large flap deflection than with a small one. Tt will
be noted in figures 13 and 14 that at 6f= = 50° and 60°,

respectively, the position of the rear flip for maximum
lift coinoidbs with that for minimum drag, indicating
this position to be best from both considerations. In
figures 13(a) and 14(a), the irregularities in the curves
Indioate that changing flow conditions existed at 8f==60~

Increment of tiaxlmum Section Lift Coefficient.- The— —-
effeot of flap deflection on Act for each of the

max
three fore flap positions is indicated in figure 16.
The increment of maximum section lift coefficient, based
on the maximum section lift coefficient of the plain air-
foil, increased not only with rear-flap deflection but
also as the fore flap was extendeil and deflected.

The values of “lmax for the optimum-lift rea>

flap positions are higher than those for optimum drag
except at position 1, 8f = 50°,

a
and position 2,

8f= = 60°, where the two values coincide. The maximum

increment within the range investigated at each fore-flap
position occurred at Sf = ~oo, except for the optim~
drag curve of position 1? The maximum Increment, which
was obtained at position 3, was about 1.75, In position

1 “lmax Increased only slightly for rear-flap deflec-

tions above 30°, and in position 3, the decrease in

ACImm wag fairly small between 8f = 60° and 70°.
a

&MM21MLEQuLm.rxul .“ The envelope polar curves
of section profile-drag coefficient at each of the fore
flap positions, obtainod from figures 13 to 15, and tha
envelope polar of the plain airfoil are presented In fir
ure 17. These polars show the lowest section profile-
drag coefficient obtainable at a given section lift coef-
ficient for the optimum-lift and optimum-drag flap con-
figurations at each fore-flap position.

I’or section lift coefficients less than 1.5, the
plain airfoil gives the lowest section profile-drag co-
efflcientm Position 3 gives in general the lowest values
of cd. for values of c1 greater than 2.0.
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. ..-.%-. . . Comparteon of Flap Arrangements “,. . . . . ---
A comparison of seotion profile-drag coefficients ‘

for the 0,25660 and the 0.40c slotted flaps (references
1 and 2)0 the 0.300 I?owler flap (reference 3), and the
0.400 double slotted flap (reference 4) is presented tn
figure 18 with the two envelope polars of the 0.30c ~ “J
double slotted flap obtained from ??Igure 17, Thie fi~
ure shows that althnugh the maximum ~ectSon lift ooeffi-
oient of the 0.300 double Blotted flap (3430) is far
better than that obtained with either single Blotted
flap, It 1s below the value of 3,.46 obtained with the.
0.4 G double slotted flap and approximately equals the

tval e obtained with the Oo~Oe IFowler flap. This COm-
parlmon also showe that the 0.30c doublo Blotted flap
had a larger profile, drag than any of the other arrange-
ment for section lift coefficients greater than 1.2 and
less than 2.7 but had a lower profile drag then either
single slotted flap at Bectlon lift coefficients h~gher
than 2.7. At all values of eection lift coefficient,
the 0030c double slottod flap had larger profile drag
than either the 0030c D’owler or the 0040c double 610tt9d
flap arrangements-

Tho optimum-drag envelope polar of the 0030cc doublo
slottod flap had values of Cd. that were somewhat Iowor
than those of the optimum lift polar; this difference In
ad amounted to as much as Omb2 nt cl = 2-9, At section
li!?t coofficiente le6s than 1-6 and higher than 3.1 the
polars for optimup lift and optimum drag, however, almost
coincide.

A comparison of the seotlon pitchin~moment coeffi-
cients at the maximum section lift coeffiolents for the
varlou6 flap arrangements preciously disouesed is given

in figure 19. The variation of

[ 1
‘m(ac cm) ~ ‘ith

0 cImax
01

max
appears to be dependent upon.flap arrangement-

The arran ement reported herein gave higher” +alues of .

‘ Fm(a*Q’L ~
than any of the slotted flaps but its .,

max
values are approximately equal to those of the” Fowler
arrangement- ..

-.
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The 10BS of airplane maximum section lift coeff~
cient in tr~mming the alrfoll se”otion pltohin~moment
coefficient is given by the expression

[
1‘Cm(a.cm)o,=t

Loss of Clmax =
tail langthr It

Curves of loss of Clmax for tall lengths It of 2, 30

and 5 airfoil chord lengths are presented tn figure 19
and can be used for determining the effective maximum “
section ltft coefficient.

Effect of Various Modifications on

Aerodynamic Section CharacterleticB

Effect of moving the two flaps as a unit - In fi~—.. —-— ●

urea 20 and 21 are presented the aerodynamic section char-
acteristics of the airfoil showing the effect of moving
the rear flap and fore flap A as a unit. Figure 20 indi-
cates that a O.OIC dleplacement of the flaps upward pek
pendicular to the airfoil chord had only a small adverge
effect; however, a O.OIC movement of the flaps downward
was quite critical because greatly decreased values of
c~ and Increased values of cd. were obtained.

The effect of a forward movement of OOOIC of the
flaps Is shown in figure 21; only a slight effect In the
aerodynamic characteristics was obtained.

B’rom these dataz It is indicated that some positions
and deflections of the flaps are quite critical: that 1s,
a movement of as little as O.OIC may appreciably alter the
characteristics obtained.

Effect of the airfoil lower lim.- The effect of de--——— .—
flect~or removing the lower llp of the airfoil from
its normal position is Indicated in figures 22 and 23
for different flap configurations. It ie indicated in
figures 22 and 23 that slightly more favorable section
characteristics may be obtained by removing or deflooting
the lip. The profile drag appears to be slightly less
with the lip off than with the lip deflected. Such a
result Indicates that a smoother slot entry ahead of the
flaps mar be desirable. Although no data were obtained
at emall flap deflections, It is probable that the

——-. ...— — ., -,.-,,. ,,
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smoother slot entry would be even more favorable under
D nuoh aonddti.ons. .... ,-. ... - .

.,., - -..

~ff~,- The effeot of for-flap
Bize on the” aerodypamio section oharaoteristlas Ie shown
in figure 24. A oompartson of the section charaoterl~
tics of the airfoil for one configuration with fore flap
B and” two roughly comparable configurations with fore
flap A Indioates that the size of the fore flap has n- “
tlaeable but small effects. The characteristics for
the optimum position of fore flap B indicate values og
Oa, ~dol and ‘m(a.oj)o sltghtly greater than those

of fore flap A at all angles of attaok. With fore flap
B, a value of

Clmax
of 3.35 wag obtained, which 18

only 0.05 greaten than the c~max obtained with fore

flap A, The configuration with the smaller fore flap
that Is more.nearly geometrically similar to that of ‘
the larger fore flap (that is,with regard to airfail
fore-flap gap and fore-flap rear-flap gap) also gave
higher val~es of the aerodynamic section characteristics
at all angles of attack up to 6° than the optimum fore-
fla&A configuration but gave lower values than the” B
configuration. The configuration with the smaller fore
flap stalled, however, at a lower angle of attack and “
gave a value of c~max of only 3.22.

COMCLUSICI?S

Tests to determine the effect of flap position and
deflection on the aerodynamic oharacterietlcs of an ?fACA
23012 airfoil with a double slotted flap having a chord
30 percent of the airfoil ohord (0.30c) were conducted
In the LMAL 7- by l-foot tunnel. The results of these
tests indicated that:

The use of a 0.30c double slotted flap on the
MACA &O12 airfoil gave a maximum sectlan lift ooeff~
oient of 3.30 which was larger than that of the 0.2566c

,. and 0.40a elngle slotted flaps,
Fowler flap,

equal to that of the 0.30c
but less than ~hat of the 0.400 double slotted

flap on the same alrfoll.

20 The 0.300 double slotted flap gave profile-drag
coefflolents that were larger than those of the 0.2566a

■ l I ml I
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and 0.400 single slotted fl+pe for, Beotion lift coeffi-
cients between 1.2 and 2.7 and were less than those of
the single slotted flaps at values of section lift coef~<-
ficients greater thau 2.7: however, over the entire lift
range, tho present arrangement gave a higher profile drag -
than the”O.30c Fouler or 0.40c double slotted flaps.

3. The 0,30c double slotted flap gave negative
section pitching-moment coefficients that were higher
than those of the single and double slotted flaps but
approximately equal to those of the Yowler flap at a
given rcaximum section lift coefficient.

4. At high flap deflections and high section lift
coefficients, a slight movement of the flaps from the
optimum positions sometimes resulted In relatively large
decreases in lift and increases in drag.

5. Eeincvlng or deflecting the airfoil lower lip
improved the aerodynamic characteristics near maximum
lift only slightly.

6. The use of a fore flap that was larger In both
chord and thicknese slightly increased the maximum eec-
tion lift coefficient but also increased the section
profil-drag and section pitcklng-momont coefflciente.

LanRley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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KACA rig. 2.
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IiYgure 2.- Sections of the two fore flaps ueed h
the investigation.
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NACA Fig. 3

.048 -

.-

\
~~ ‘-” .044 “ -’-- x-- ..- . ,_ —.

{ ,..—
I)y —..

[,<
o .040 -– —-–- .—.——.

II,\ 2I,, /.
.

I ,*>
“ .036 - - -– -— - -.--- —--k+-l
0+
w
‘H

: .0:32 ---- —-
0

f
~

2
;

~ .024

L

----- _

~.*e
+.-. ---- _.

+-.: .020 -— ——-------- -.——————.----

A ‘- -
1- “–

-t- I
-.012 *–.- –– —-- -— — –-lJ .—-.—-—
ca): --ch-..-_.__+v

:0 .-~ “--
e
:.004
g
E
in o

n~

w-i 1,0 1.2 1.4w
CJ Section lift coefficient, cl0>
f;

Figure 3.. AeroQnwnic sectio~l characteristics of I?ACA 23012 plain
airfoil. (From reference 1.)



HACA Figs.,4a, b,c

Percent wing chmd

tkftEk-
86 42024dd

@) 6;?/0”.

Percent wing chord

(b) 6&=20”.

8642 02 4 6
Percent wing .ha~d

(c) 5~=30”.

Figure 4.- Contours of rear- fhp position for Clmx. Fore flap A, position d; +,= O●;

z,s 5.59; g,=3.72.(Valuesof z,, y, are gi~en in pemenf ajrfoil chord.)

I-- mmm mmmmmmm-=mm



NACA
Fiqs.,4d,ef

e.
.“- .”””

w ~ =40”.

.-

4965 =50=.

.—

Figure 4.- Concluded. .



NAC k
Figs,5a, b,c,d

i

(d 6. =30” (b) 6L=40”.

- .-

(C) 6L=50-. (d) 6t =60”.
8



NACA b Figs 6a, b,c

.,=

Percent wing chord

(Q) 6%=40”.

(b) $5t950”.

Percent wing chord

(c) 65=60”.

Fe/e fmp A>

(values Or -



NACA

.

Fiqs. 7a, bcd

.—.

Percent wing chord

(c) q = /.5; S%=20”.

Percenl wing chord

(b) c,=l.O; 6G=20”.

Percent wing-chord

(d) c,w1.5i 6G=30”.

II



.

F;qs.,8a, b,c

. .

. percent wing chord

{b) CI =2.0; 6g=30:

BBIzEl%
86420246’2

Percent wing chord

(a) C,91.5; q-=30 .

Percent wing chord

(C) Cl= 2.0; 6G*40:



NACA Figsv8d, e,+

\\\\\\\\\\ \\— --ix. l--

k\\\\\\\\\\\v ---w-

Percent wing chord

(e] c1=2.5~6G=50”.

,fJEEIJf
Percent wtng chord

(d) c,-2.5; 6fi=400

Percent win~ chord

(f) C1=Z’.5i 6t,=60!

.

FIgu/e 8.- CO/2C/6U@.



r4ACA
a
M

J

4

—.,.

L

8 iiihiidt’u
Percent w/rig chord

(cl] C,”=!.o{6fi=40.-

Percent wln9 chord

Fiqs.9ci, b,C .

percent’ wlrJ9 c–ho~d -

h) ct=25; 6%=50:



NACA
Ficjs,, 3 d, e,f

.— .

Percent wing chord

(d) C1”=2.5) SC=60:

.

,,,,



WACA
FiqS,, 10a, b,c,d

.. ,
k-x.=---d
I

.—,

I -==-’ K

I 1

t I 1 1 1 1 1 I

8 6 42 0 2 .4 6’2-
Percent wing chord

(a) C,=[o; 64=10:

Percent wing chord

(b) C, - LO”; 6G=20:

—- .
—

~6’z ‘– b+4+” (j ; ; ~12u
Percent winq chord Percent wing chord

(c) cc= 1.5; 5$=20: (d) Cl= 15; $.=30:



NACA ‘ Figs,/ ila, b,; “

. . .

1086420246’2U
L I I , 1 1 1 I I

Percent win9 chord

(a) c~ = [5; 6fi=300.

Percent win9 c herd Percent wln9 chord

(b) C,=2.O; 6L-30”. (c) c?=20; 6g*40°.

Figure 11.- CmtourS af nsvr-f/’p p.s;tioo for

,Omitlon 2; ad 320”; x, -2.S9; g, =49.72.

9Jvon in percent cv)fo;l CXW~. )

Cm(a‘d-. Fore f/a/o A,.

(VaAms @ 4 ,y, are

1 Illllmml 11Immmm IIU I ■m, ,,,,, .,,.... ,. .. -



NACA
Fiqs.,IId,e,#

—

on

Percent wing chwd

(e) c,-2,5; 6f=50:
~

Percent wing chord

(d) CiD2.5 ; ~~*40:

Percent wing chord

(f)c&=2.& 6#Xt
a“

FIgor9 12.- Cbvdud&



>. ;

Figs., 12a,b, C

o~
h2~

4:

6 ‘$

8?

)0 g

86420246
,2 Q

Percent wing chord

(a] c, =2.0; 6~: 40.”

Percent wing chord

(b) Cl=2.5; 6t=40:

Percent wing chord

(c) CZ=2.5; 66=50:

F&re 12. - Gontou[s c# -r-f&p jw.sition for Gm.c, la. Fore f/Qp A,

psitl”m 3; 68-25: .+ “ -0. 42,. ty,.1.7& .A@ues of

*)S are givim j> pmrent GAo;i chord.)

i

kk-,llllllm , I I IllmmmI I I II mm



~A~ Figs,12d, e,f

...—..

\~yr~:, ‘---

Percer?r wing c~ord

(e] cl ● 3.0; 6G=50~

=“;
86420246’2

Percent win9 chord

(d) CL-2.5; 6g- 60: “

Percent wing chord

(f) Cl =3.0; 6C=60:

F/gutie 12. - Cone/u@d.



}--

;

‘J

J

Iml II Ill II I II Illmllllll I



,—_— —.

- --



—





I “

l!-:.,.,.I I I ,., ,.. ., L

I I
,, I I I ,- 1 1 .+ ,1 I I I ,, ,1, ,. :,. ., I.,.

I $’.%: & \ J I I I t i \ ),. Ii’ L-:l 1 t *1 , l-k, I .),-r I 1 I I I I I I I I I f I I 1’1 IA I/J_+.+
:..,;< ‘.t’ ,.. -L

I 1+4 I I I t I I 1.I,,., I I I I I I I I 1, I I I I I I I I I rl I I xl I ,Iti I
,,

,: I [ i &/
I I I ,,, t -. 1 :.. ,

1 I I i I I I i I I I I I [=--q I I lx

IIiiii’iii iiiiiiii+ iit
,,, . ,,,.,.,. .,.<,:..

I r I I I 1,[ I I 1 I I I I I TX I 1/$
t

Hi/4,E
.“

P.



—.

I

?=T-

1 1.1-1 I L 1..:.<.! .-\:: ,: .+
-, -,1,., ... j. .- .

i I I I I I ) 1:1 i
,.,.-,. I 1 lIIJ+J I t

l,;, 1,1’t, !l,- ,.,t. ,> , .!. *!,, ~ .I i

I I I I i 1 I 1,1 I I 1 I #. 1! / i, /
,.

,,” !! I t.!&

I 1 1

I ! i .1 I f.,~
.,

; -.

ilqlfii iiiiiii’i ”jii,ii’iit
,,, ,., ..:, ,,%

I I J-l I I I 1 I I I t I .! I I. . -. I

1 l-l 1 I.

I I

1- i M. . i
IL1 I I I I I I I I I I I I l.-i- 1 I I I I I 1 1’1, , ... ,.!, .,

1’1
.

111].7. .
{ # ~ @ + /.41. :..5/& ]1 1 + i — I Lq21 i: 1241 ----

k 1 I I I 1 I I I I I I I ,, I I I. . . I I I“”!”.;J 1~.~:i
‘Y -h& fi ‘l.&&t?@

,.
J+. J_ _ ..1T. :,

I I 1 I 1.
,’1 [1 p.., - ,e!!zl f. J5#?j, Lx VA

.+ . .
. “.: s

J’?2~ ~
,

r-“ “4
.,. L,

-4 E z a z G h G! q if ,- ~
F — — —,

. . .
. . .

— ,—.—., —..,..-_.
,.

I } -1.
- .. ?:r..=.:. . ,,. .



0
10

F
ig

u
re

1
6

.-
E

ff
e

c
t

of

T
h

e
0.

30
c

F
or

e-
fl

ap
po

si
ti

on

A
2

D
3

3
/-

-.

0
/

/

I

I

20
30

40
50

so
70

80
R

ea
r-

fl
ap

de
fl

ec
ti

on
,

6f
2,

de
g

fR
re

ar
-f

la
p

de
fl

ec
ti

on
on

th
e

in
cr

em
en

t
of

m
ax

im
u

m
se

ct
io

n
li

ft
co

ef
fi

ci
en

t.
.

do
u

bl
e

sl
ot

te
d

fi
ap

’o
n

an
N

A
C

A
23

01
2

ai
rf

oi
l;

fo
re

fl
ap

A
.

G

.



I ““

I



—

,,.



4-
d

(a
i



I

miiij&7?$j/Tiw”$- ““v’”‘i1cd ..+m. aiCYMMWXL Ebz!eif)dn:Ad_M_,LL_,

,!” ,
J--L_L-i i : L--i__L-. .-iL..’4L:_J_ J.-. _l_l_i I I ~ :—J_L-L-L-lI ! I !.-l_LL__l I ~ i.: t .I,,b’



I

I L1 I Yfil 1 t I ! I r I 1< i t- 1,,.
,( I .Ivl t- 1 ,- +. 1-

I I I ( I I I I I I I I J I I.l!
,.-

,.- . .-..!.I 1 {

I 1 I I I I I t /’1 1’11 1 J j:l.,i 1“1,1-. I L

+ 4 I ! * I 1. \ i. 4. ,s,

I I I I i 1’,.. i“ I 1

I 1 ! I al 1 t I I I I I I I L I i j i I I 1 1 \ !’. J. I
J t

I ., I
I
I q I I i J ‘X:i:l I 1=1.1

.{
I 1. 1.1 / I I I

I
I Illll!i[l I !] I( I , “1

I I I I I I i I I I I 1 I 1 1 I I I I [ I J I 1 Id’ti?ll”l.



1 i.. l .,,

{ ,1 I ,.=. .—.. ;. l,-l-.]--
!. t I 1 1 , 1 , 1

+-HP-b

I 1 1 I I 1 Ii, ! 1.,1 I ,!
..- ,

I 1 1 i.’ ..,., ,.- ~ } I I ! 1 I ! 1 J J-1 I I I 1- “v/f”“i i .F L-+.,. ,””4.



I
-.

.
,



I
-.—— —.

-tGircll-r”l

> .,
+&j-+++ ++}--} , I
~

, , I # 1 1 I 1 I ! * 1 1 I i I ,

: In I ‘H I 1. I 1 t I I I I 1“1 I lx-l. I I* I1- 1 I I I 11’1 I

1 ! I I I I 1.1 I I I i I I Ii I f I 1.1 I I [

, , , , 1 1 1 r 1 1 1 8 1 I ! 1 I 1 1. 1. 1 r’ I
... . “-m’ . . . . . .

t I J
I , , , 1- (

I I } I 1.! I I !
,...

!!:~

, ,d I I I I t : ‘/”’w

.

-

J , , , , .,. ,.
.

+ I 1’ I t’1 { I .,~ ‘1 ;J~,JJj&‘. ’!.!..
,[ i. 1- 1 . . . . .. .. . . ,-

1 4 I- I;.* \ I I 1! I
:.

I 11.1 -11. ~;.! 1 I !. ! ! I 1 I I I I I I I I ! I ! I 1. !..!
;,, ,.,. ,,

I I * <,. ) ., ,, ..,,. L4







ranroara (Bra47) 
Purser, Paul E. 
Flecbel, Jack 

AUTHOR(S) 

DIVISION: Aerodynamics (2) 
SECTION:   Control Surfaces (3) 
CROSS REFERENCES: Flaps, Wing - Lift and Drag character- 

istics  (37550) 

£M70° 6369 
ORIG. AGENCY NUMBER 

ARR-3 10 

AMER. TITLE: wind-tunnel investigations of an HACA 23012 airfoil with a 0.30 airfoil chord 
double slotted flap 

FOSCN. Tim, 

ORIGINATING AGENCY:   national Mvleory CozEnlttee for Aeronautics, Washington, D. C. 
TRANSLATION: 

COUN78Y 
U.S. 

LANGUAGE IFORG'NCLASS)   U. SJCLASS. 
TJnclass. 

DATE       PAGES 
Dec'S3      50 

fCATUUS 
tables, dlagrs, graphs 

ABSTTBACT 
Tests were made to determine aerodynamic section characteristics as affected by flap 

position, deflection, size and shape of fore flap, movement of fore flap and rear flap as 
unit, and variation In airfoil lower lip. Optimum deflection of rear flap was 60°. 
Maximum lift of airfoil was obtained with fore flap deflected 25°. Double slotted flap 
gave higher lift than single slotted flap or Fowler flaps and had lower drag at high 
section lift coefficients. 

HOTS : Bequests for copies of.this report must be addressed to: H.A.C.A., 
Washington, D. C, 

T-2. HO, AIR MATERIEL COMMAND    AlR TECHNICA. UNDEX WRIGHT FIELD. OHIO, USAAF 




